Abstract. The creation of a specific heavy ion residue via heavy ion fusion can usually be achieved through a number of beam and target eosnbinations. Sometimes it is necessary to choose combinations with rare beams and/or difficult targets in order to achieve the physics goals of an experiment. A case in point was a recent experiment to produce '52Dyat very high spins and low excitation energy with deteetion of the residue in a reeoil mass analyzer. Both to create the nucleus cold and with a small recoil-cone so that the efficiency of the mass analyzer would be high, it was neeessary to use the 80Se on 76Gereaction rather than the standard aCa on '%d reaction. Because the recoil velocity of the ]'2Dy residues was very high using this symmetric reaction (5% v/c), it was furthermore neeessary to use a stack of two thin targets to reduce the Doppler broadening. Germanium targets are fragile and do not withstand high beam currents, therefore the 76Ge target stacks were mounted on a rotating target wheel. A description of the 'be target stack preparation will be presented and the target performance described.
Introduction and Motivation
In order to search for hyperdeformation as well as linking transitions from superdeforrned bands in the mass 150 region, art investigation of the dmay quasi-" '5'"t52Dywas needed. continuum y rays in the nuclel Sufficient statistics were required to extract and determine the character of the decay out as well as y rays emitted while the nucleus is potentially hyperdeformed. This was accomplished using the reaction 7@e(%e,5n14n) '5''152Dy and GAMMA-SPHERE [1] with the Fragment Mass Analyzer (FMA) [2] . The ATLAS accelerator was used to provide as much beam on target as allowed by the counting rates in GAMMASPHERE. Earlier experiments with fixed targets showed severe target darnage due to re-crystallization which prompted the use of a rotating 7sGe target wheel. Thin targets were needed to reduce the amount of Doppler broadening observed in the emitted y rays.
The 400 pg/cm2 thickness of the 76Ge target was chosen to reduce the number of normal deeay y rays in the deeay out region in '5'''5zDyby taking advantage of isomers in the nuclei. To fUrther optimize the experiment, a double stack of 400~g/cmz 7bGe targets was employed. This stacking of targets is a common experimental technique to reduce Doppler broadening without reducing yiehl however it has never before been attempted with target wheels rotating at 600 RPM. The crystalline nature of elemental germanium is a challenge for the production of freestanding foils for use in experiments with heavy-ion beams. Many techniques are available including centrit%gation, vaporization using electron bombardment, and deposition employing electron beam or focused ion beam sources. A detailed listing of the various methods for the preparation of germanium films has been given by Meens and Ehret [3] . For our purposes, we employed vacuum deposition using a multi-pocket electron beam source of 270°geometry [4] .
Germanium Targets
The '%% separated isotope needed for the targets was obtained as an oxide from Oak Ridge National Laboratory (ORNL) and had an enrichment of * 92.~2%. The oxide was reduced to the metallic form using a hydrogen furnace [5, 6] . The deposition was carrial out using an electron beam source onto standard microscope slides, as described by Meens and Ehret [3] . The slides were first coated with NaCl as a parting agent immediately beforehand, using the same source. Although Ramsay [7] , recommends BaCl as the optimum substrate for germanium film growth, we experienced d~fkulty with release of the foils using this salt. The source to substrate distance. was 10 cm. The glass slides were heated to approximately 215 'C using a quartz lamp. This temperature was arrived at empirically from previous preparations of Ge targets. The pressure within the evaporator was 2 x 10-s torr, provided by a cryopump. The 7sGe films were then 1 INTRODUCTION Feldspar weathering influences global cycling of Si, Al, and alkali and alkaline earth metals; atmospheric C02 concentration; natural water composition; and soil formation.
Weathering occurs naturally when feldspars dissolve in waters having pH values of 5 to 7. Few direct observations of dissolving feldspar surfaces (Jordan et al. 1994) have been made at any pH, however, and there is no clear consensus regarding the associated molecular-scale mechanisms (Blum and Stillings 1995) . Available evidence suggests that there may be distinct dissolution mechanisms at low and high pH, based on the pH dependence of dissolution kinetics. Observations by numerous workers indicate that feldspar dissolution is generally incongruent at low pH (Casey et al. 1988 , Chou et al. 1984 , Hellmann et al. 1996 , Nugent et al. 1998 ) and congruent at high pH (Casey et al. 1988 , Hellmann et al. 1996 , Holdren and Speyer 1985 . Significant uncertainty persists, however, regarding the microscopic structure of the feldspar surface during dissolution.
We explored the use of in situ AFM and X-ray reflectivity techniques to investigate the dissolution mechanisms, dissolution rates, and structures of dissolving orthoclase-water interfaces . 
EXPERIMENTAL METHODS
We examined the evolution of dissolving orthoclase (001) cleavage surfaces on a gem-quality crystal [Orgd.sAbd.s, monoclinic, Itrongay, Madagascar (Kimata et al. 1996) ]. Surface topography was imaged at room temperature (23 + 2 'C) in 0.1 M HCL, deionized water, and 0.1 M NaOH having pH values (at 25 'C) of 1.1,5.6, and 12.9. Measurements were made in TappingMode@ using an in situ fluid cell AFM (Digital, Nanoscope IIIa MultiMode) with solution flow rates ranging from 3 to 200 mL h-l. Crystals in the fluid cell were imaged briefly once every 8-1 5 h during dissolution experiments to eliminate AFM tip-induced changes at the surface.
Sample preparation for X-ray experiments followed the same procedure as that for AFM experiments. X-ray data were collected in situ from 25 'C to 84 "C in flowing solutions of 0.1 M HC1, 0.1 M oxalic acid (H2C204), and 0.1 M NaOH having pH values (at 25 'C) of 1.1, 1.3, and 12.9, respectively. Flow rates in the X-ray experiments varied from 3 mL h-' to 650 mL h-'. Synchrotrons X-ray reflectivity measurements were made at the Advanced Photon Source (beamlines 12-ID and 12-BM) using monochromatic X-rays with photon energies ranging from 17.5 to 19.6 keV.
Time-resolved measurements of dissolution kinetics and mechanisms were performed in a flow-through Teflonw sample cell in transmission geometry through -3.5 mm of water and two 0.13 mm Kaptonw windows. The incident ad reflected fluxes were measured with an ion chamber and a NaI scintillation detector, respectively. More details about our reflectivity measurement procedures are given elsewhere @enter et al.
2000).
Samples were loaded into the cell in de-ionized water (DIW) and sample alignment was performed at room temperature.
The cell was then externally heated to the desired temperature, taking advantage of the much slower dissolution rate at pH near 6, as compared with those at pH 1 and 13. To change the pH, we rapidly flushed the cell with 7 ml of solution (about 5 cell volumes) resulting in a brief (-2-minute) decrease of the fluid temperature which was monitored continuously by a thermocouple positioned 2 mm above the sample surface. We then continued to flow solution through the cell at a rate of 3 mL hr-l throughout" the experiment using a syringe pump.
RESULTS

Atomic force microscopy
Dissolving orthoclase (001) cleavage surfaces at pH = 1.1 and 12.9 were imaged using AFM. The initial cleavage surfaces exhibited atomically flat terraces separated by steps (Figs 1a, 2a) having heights of small integer multiples of 6.3 + 0.3 & which corresponds to the (001) cell parameter, 6.475~. At pH 1.1 and flow rate = 3 mL h-l, the surface roughened within 15 h, after which a continuous surface coating on terraces formed through gradual accumulation of secondary material (Fig. lb) . This gel-like coating appeared to be soft and viscous, tended to stick to the AFM tip, and could be removed readily either by scanning the AFM tip in contact mode or by increasing the solution flow rate. The surface exposed after removing a 2-rim-thick coating that formed in 120 h showed extensive development of well-defined nanopores on terraces. Negligible step motion was obsemed under these conditions. At pH 1.1 and flow rates of> 150 mL h-l, no surface coating developed on terraces. AFM images showed apparently complete removal of dissolved material, leading to the development of a rough surface with nanopores (Figs. 1c, id) , resembling that exposed afier removal of the surface coating developed under slow-flow conditions. This observation indicates that the formation of these gel-like surface coatings, that were identified in previous ex situ (Casey et al. 1988 , Nugent et al. 1998 ) and in situ (Jordan et al. 1999) studies as "leached layers", is primarily the result of solution mass transport kinetics. Thus, the transient non-stoichiometric behavior observed in powder dissolution studies at low pH does not represent an intrinsically nonstoichiometric acidic dissolution reaction, but results from growth of a surface coating due to the differential solubilities and/or dissolution/precipitation rates of the relatively insoluble reaction products. Unlike the behavior of calcite (Liang et al. 1999) , the mechanism controlling orthoclase dissolution at low pH affects terrace sites without preference for steps or other defects.
At pH 12.9, step motion defined by the retreat of steps separating existing (001) terraces or the nucleation and spreading of etch pits (Fig. 2b, 2d) was the only apparent dissolution mode. Terraces remained intact and uncoated throughout the experiment (up to 2000 h) regardless of flow rate. Unitcell-high steps, each a bilayer consisting of two tetrahedral sheets, were observed to split into separate half-cell steps (Fig. 2c) as dissolution proceeded; this was seen for etch-pit formation as well (Fig.  2d ). The step-splitting phenomenon, coupled with the predominance of step motion under these conditions, indicates that under-coordinated sites at steps and etch-pit walls control orthoclase dissolution under high-pH conditions.
X-ray reflectivity
In situ synchrotrons X-ray reflectivity measurements (Fig. 3 ) of orthoclase dissolution were made at 50 'C to 84 'C. Surface dissolution processes can be characterized by time-resolved measurements of X-ray reflectivity at the "anti-Bragg" condition [Q= (4n/L)sin(e) = n/&O1 = 0.48~-', where 0 is the angle of the incident X-ray beam]. This scattering condition maximizes surface sensitivity and results in rapidly decreasing reflectivity for any increase in surface roughness. Measured X-ray reflectivity versus time (Fig. 3) did not decrease monotonically during dissolution, as would be characteristic of random dissolution (e.g., where all exposed tetrahedral sites dissolve at the same rate). Instead, the reflectivity exhibited an oscillatory pattern for both low and high pH, implying that lateral dissolution processes are involved in both pH regimes. The dissolution rate can be estimated from the oscillation period. For 1.1 HC1 at 52 'C pH and pH 12.9 NaOH at~' C, calculated rates were 4.0x 10-10and 1.5 x 10-mol KAlSi08 m-2sec-1, respectively.
These rates are consistent with the range of dissolution rates reported previously for powder dissolution under steady-state conditions (Blum and Stillings 1995) . Thus, x-ray reflectivity provides a new method for Interaction with low-pH solution led to the development of a surface coating (B) at low flow rate (3 mL h-l). This coating washed away when the flow rate was increased to 150 mL h-l revealing surface nanopores (C) and (D). Images (A), (C), and (D) were taken at the same location and show negligible step motion after 96 h. Figure 2 . AFM images of (A) freshly-cleaved orthoclase (001) surface in deionized water and (B-D) after exposure to pH 12.9 solution. The cleavage surface (A) exhibited "a screw dislocation, atomically flat terraces, and both mono-and multi-layer steps.
Step retreat (B) was the only observable dissolution mode. Split steps (C) revealed the bilayer structure of the unit cell along [001] . Coalescence of single-and' half-unit-celldepth etch pits after extensive dissolution (D) resulted in a patchy surface. measuring precise mineral dissolution kinetics that is statistically averaged over the macroscopic surface area corresponding to the footprint of the Xray beam. This approach also avoids the heterogeneity inherent to powder dissolution studies. The plots of reflectivity versus time (Fig. 3) are distinct under the two pH conditions. At pH 12.9, the reflectivity decreased by a factor of -5 before returning to the initial value corresponding to a freshly-cleaved surface. The recovery of reflectivity after one monolayer dissolution therefore indicates that the termination of the dissolving orthoclase surface is essentially unchanged from the freshly-cleaved orthoclase-water interface. The substantial decrease in reflectivity before recovery implies that dissolution involves nucleation and growth of unit cell-depth etch pits as well as step motion. Thus, reaction at high pH is limited to under-coordinated sites such as steps (Fig. 2b-d ) and involves fully congruent layer-by-layer dissolution, consistent with the AFM images.
In contrast, the variation of reflectivity versus time at pH 1.1 exhibits a strongly damped oscillatory pattern. The same pattern was found for all flow rates, as high as 650 mL h-', confirming that the dissolution process at low pH is independent of the presence of surface coatings (Fig. lb) (Casey et al. 1988) . The same behavior was found with 0.1 M oxalic acid (pH 1.3) at 50 'C; the 30'%0slower dissolution rate is attributable solely to differences in pH and temperature. Thus, oxalate has minimal influence on the dissolution process and/or kinet-' its, consistent with previous studies (Blum and Stillings 1995) . The overall decrease in x-ray reflectivity accompanying dissolution at low pH (Fig. 3b) implies that the dissolving surface (i.e., its roughness and/or termination) is substantially modified flom the fleshly-cleaved surface under these conditions. of nuclear magnetic resonance and theoretical 
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In situ X-ray reflectivity measurements of dissolving orthoclase (001) surfaces. X-ray reflectivity versus time (measured at Q = 0.48 A-l) during exposure to (A) pH 12.9 NaOH at 52 'C (triangles), (B) pH 1.1 HC1 at 50°C (circles), and (C) pH 1.3 oxalic acid at 50 'C (squares). The Xray reflectivity R(t) is normalized to the reflectivity of the freshly-cleaved surface R(0). The removal of each monolayer (ML) is noted.
CONCLUSIONS
These new results demonstrate that orthoclase dissolution is controlled by at least two separate surface reaction mechanisms having distinct reactive sites. The dominant mechanism at low pH is active across the entire surface resulting in etch pit formation and roughening of terrace areas, whereas the dominant mechanism at Iigh pH is active primarily at steps and other defects leaving the intrinsic feldspar-water interface essentially unchanged.
The observations can be understood mechanistically in terms of the structure of the orthoclase surface, which consists of bridging oxygen (BO) and nonbridging oxygen (NBO) attached to tetrahedral framework Al and Si cations (T) in interconnected four-membered tetrahedral rings. Of the two distinct types of T sites, only one (Tl ) is attached to an NBO at the (001) surface. Protonation of surface oxygens creates surface silanol (Si-OH) and alurninol (Al-OH) sites from NBOS and hydroxyl (T-OH-T) sites from BOS. Previous results studies, suggest 'tiat feldspar dissolution at low pH is promoted by the higher proton affinity of Al-OH bonds than Si-OH bonds.
This mechanism explains the observed reactivity and roughening since these sites are present on terraces of freshlycleaved orthoclase surfaces .
At high pH, BO linkages between adjacent T sites attached to NBOS are weakened when Si-OH and Al-OH sites are deprotonated (Kubicki et al., 1996) . While no two NBOS are found on adjacent T sites within terrace areas, a distinguishing characteristic of steps and other under-coordinated sites is the presence of adjacent NBO-bearing T sites where both T 1 and T2 sites attached to NBOS are exposed. The predicted weakening of T-O-T linkages at high pH due to the deprotonation of adjacent NBOS at steps is supported by our observations of step motion and step splitting by AFM (Fig. 2c ) and the dominance of lateral dissolution processes under these condhions using X-ray reflectivity ( Fig. 3 ) that prove the high reactivity of edge sites under high-pH conditions.
